Abstract. Cross-sectional magnetic resonance (MR) images of the normal hand, wrist, and fingers with an inplane resolution of 0.2-0.4 mm and a slice thickness of 1-2 mm were obtained using a 40-cm bore, 2.35-T MRI system equipped with actively shielded 50 mT m-1 gradient coils. A detailed description of the normal anatomy is given. The Tl-weighted, multi-slice, fast low-angle shot (FLASH) MR images presented show a substantial improvement in resolution as compared with earlier reports. Typical investigational times of about 15 min offer a fast scan protocol that is suitable for routine clinical applications. The study further demonstrates the potential of dedicated magnets to facilitate and refine diagnostic MR imaging of hand injuries and hand-related diseases.
Magnetic resonance imaging (MRI) of the hand aims to demonstrate anatomical structures and pathologies in the greatest possible detail [1-3, 6-10, 12-14, 16, 18-20] . Unfortunately, the spatial resolution obtained up to now has been limited by the relatively weak gradient strengths available with conventional whole-body MRI systems. As a consequence, partial volume effects lead to blurring of structural details and thus tend to impair diagnostic accuracy and certainty. Moreover, when whole-body magnets are employed the patient is subjected to an uncomfortable and/or off-center position.
This study reports on the use of a MR! system comprising a small-bore, high-field magnet with a strong magnetic field gradient system. This combination allows the acquisition of high-resolution MR images that sur-pass the quality of those obtained with whole-body magnets. Subjects may sit or lie in front of the magnet with the arm extended into the tunnel. Representative crosssectional images of the normal human hand, wrist, and fingers have been selected from multislice acquisitions for their value in depicting typical anatomical structures.
Subjects and methods
All MRI investigations were performed at 2.35 T using a 40-cm bore horizontal magnet (Bruker) equipped with an actively shielded gradient system (Oxford Instruments). The maximum available gradient strength was 50 mT m -1. Radio frequency (RF) excitation and detection were accomplished using a 10.5-cm diameter birdcage RF coil for hand and wrist imaging and a 4-cm diameter Helmholtz RF coil for finger studies, respectively. Fast scan, T1-weighted, multislice, fast low-angle shot (FLASH) MR images [5] were acquired with a repetition time of 150 ms and a flip angle of 70 ~ In most cases an echo time (TE) of 7.15 ms was chosen to achieve "opposed phase" conditions for fat and water signals. Under these circumstances, fat and water signals mutually cancel out if they contribute to the same image pixel, resulting in superior image contrast. Typically, nine slices each with a thickness of 2 mm (1 mm for fingers) and a center-to-center distance of 2.5 mm (1.25 mm for fingers) were obtained. The total measuring time amounted to about 2.5 rain, with four accumulations for signal-tonoise improvements. If not otherwise stated in the figure captions, the images represent a field of view (FOV) of 100 mm (50 mm for fingers) that is covered by a data matrix of 256 x 256 pixels yielding linear pixel dimensions of 0.2-0.4 mm. A few images were also acquired with an image matrix of 512 x 512 pixels with a 0.2-mm resolution.
Multislice images were obtained in transverse, coronal, and sagittal orientation from the wrists, hands, and fingers of 15 asymptomatic volunteers who were 20-30 years old. Informed consent was obtained prior to the investigation. A typical protocol for complete wrist studies included two sets of transverse and coronal acquisitions yielding two sets of 18 multiplanar images. Sagittal views provided no additional information and were made in only a few cases. The volunteers were positioned either sitting or lying with an arm extended into the magnet, which had an isocenter 57 cm from the face of the magnet. While this posed no difficulty for the volunteers, a short arm length would obviously exclude many patients from investigation. However, the design of a dedicated system with a shorter magnet is possible and would eliminate this problem. The following bones are identified: the distal part of radius and ulna, scaphoid, lunate, triquetral, hamate, capitate, trapezoid, and the second to fifth metacarpals. The hyperintense articular cartilage in the radioulnar, radiocarpal, intercarpal, and carpometacarpal joints is clearly discerned. Its smooth surface is best seen when the low-signal synovial cavity can be resolved. At the radiocarpal joint, parts of the dorsal radiocarpal and transverse intercarpal ligaments are depicted, showing low signal intensity. This also applies to the dorsal aspect of the triangular fibrocartilage complex at the ulnocarpal transition with its ulnar attachment and ulnar collateral ligament. The strong interosseous capitohamate ligament can be seen. Between the metacarpals the interosseous muscles are sectioned, and it is clear how the contiguous bases of these bones are connected by interosseous ligaments, just distal to their collateral articular facets is shown with low signal intensities of different degrees. The intercarpal ligaments, e.g., the scapholunate, the lunatotriquetral (connecting transversely the bones of the first carpal row), the interosseous ligaments (connecting the bones of the distal row with each other, with the first row, and with the metacarpals), and the collateral radial and ulnar ligaments are clearly differentiated from the hyperintense hyaline articular cartilage. The extensor pollicis tendon is observed radially. A chance finding in this particular volunteer is a round area of signal loss in the lunate (marked by arrowhead) due to calcification. Table 1 . List of anatomical assignments 261 R = radius (bone, marrow), U = ulna (bone, marrow), S = scaphoid, L = lunate, T = triquetral, P = pisiform, H = hamate, C = capitate, Td = trapezoid, Tm = trapezium, M = metacarpal, Ph = phalanx t =flexor pollicis longus muscle and tendon, 2 = flexor digitorum profundus muscle and tendons, 3=flexor digitorum superficialis muscle and tendons, 4=flexor carpi radialis muscle and tendon, 5 = flexor carpi ulnaris muscle and tendon, 6 = extensor pollicis longus muscle and tendon, 7 = extensor digitorum muscle and tendons, 8 =extensor indicis muscle and tendon, 9=extensor digiti minimi muscle and tendon, 10 = extensor carpi ulnaris muscle and tendon, 11 = articular cartilage, articular capsule, 12 = interosseous artery, nerve and vein, 13 = brachioradialis tendon, 14 = abductor pollicis longus muscle and tendon, 15 = extensor pollicis brevis muscle and tendon, 16 = extensor carpi radialis brevis muscle and tendon, 17 = extensor carpi radialis longus muscle and tendon, 18=pronator quadratus muscle, 19 =palmaris longus muscle and tendon, 20 = antebrachial fascia, 21 =dermis, 22= radial artery, 23 =cephalic vein, 24 = ulnar artery, 25 = ulnar nerve, 26 = basilic vein, 27 = median nerve, 28=intermuscular septum, 29=flexor retinaculum, 30 = extensor retinaculum, 31 = triangular articular meniscus, triangular fibrocartilage complex, 32 = synovial sheath 
Results and discussion
Multislice MR images as typically recorded from distal forearm to finger were selected for display with respect to their representative value in depicting anatomical structures and in demonstrating the resolution achieved. This study demonstrates marked improvements in the use of MRI to study the wrist, hand, and fingers. The present achievements are based on a substantial increase in image resolution that can be obtained in a comfortable investigation and within relatively short measuring times by means of multislice FLASH MRI studies on a small-bore magnet. In most cases, images with a slice thickness of 2 ram, a data matrix of 256 x 256 pixels, and a FOV of 75-100 mm turned out to be adequate for routine hand studies. A further improvement of the spatial resolution by an increase of the data matrix to 512 x 512 pixels or a reduction of the slice thickness to 1 mm did not balance either the resulting loss in signalto-noise ratio or the increase in measuring time.
The present results illustrate the potential of a smallbore, high-field, MRI system as a superior tool for pertinent diagnostic applications in a hand clinic. The design of shorter magnets will further improve the convenience of such studies and guarantee general applicability. MRI applications will extend into three-dimensional imaging. In fact, the delineation of the complex anatomy encountered in the hand will benefit from the accessible isotropic resolution as well as from the capability for reconstruction to create selected views in the form of arbitrary sections and curved inner surfaces. Fig, 11 . The distal course of the radial flexor carpi is observed running below the scaphoid and bending upwards through its groove at the trapezium to reach finally its insertion at the base of the second metacarpal bone 
